Experimental investigation and molecular dynamics simulation of the binding of ellagic acid to bovine liver catalase: Activation study and interaction mechanism.
Ellagic acid (ELA), as a polyphenolic natural compound and food additive, which has reported to possess anti-carcinogenic, antioxidant, antidepressant, ameliorative and anti-mutagenic effects. In the current work, the effects of ELA on the conformation and catalytic activity of catalase were investigated by using spectroscopic techniques including ultraviolet visible (UV-vis), fluorescence, synchronous fluorescence and attenuated total reflectance-Fourier transform infrared (ATR-FTIR) spectroscopy as well as molecular dynamics (MD) simulation. Kinetic studies showed that the enzymatic activity of catalase increases in the presence of ELA (almost 2-fold higher than free enzyme activity). Moreover, analysis of fluorescence data revealed two binding sites for ELA on the catalase and static type of quenching mechanism. The binding constants between ELA and catalase were obtained to be 47.35 × 107 M-1 (at 298 K) and 17.60 × 107 M-1 (at 310 K) and the binding distance was calculated to be 2.83 nm. Thermodynamic data showed that hydrogen bonds have a main role in the ELA-catalase complex formation. The best binding sites for ELA were, in the middle of β-barrel and wrapping domain and in the middle of β-barrel and helical domain, according to molecular docking data. MD simulation results were confirmed that ELA can increase catalase activity through increasing the distance between an upper side α-helix structure and a down side random coil structure.